This article focuses on the effect of the heavy ions irradiations on the electrical characteristics of VDMOSFET (Vertical Diffusion Metal Oxide Semiconductor Field Effect Transistor) devices. A summary of the total dose effects and the single event effects is covered to evaluate the experimental observations. Device degradations due to the hot carriers junction avalanche are studied by a physical parameters extraction method, leading to an understanding of the degradation processes. Results show that a protective resistor load can reduce the degradation effect in the device.
INTRODUCTION
Microcircuits in space and nuclear environment interact with various particles, including galactic cosmic rays, radiation belt protons, electrons, neutrons and ions, all of which can affect the normal operations of the devices. Functional disturbances, arising from interactions with single high-energy particles, are often called "single-event effects" (SEE's). Microcircuit functions can also be compromised by other radiation effects than SEE, such as the displacement damage and the dose effects. Displacement damage is mainly caused by interaction of high energy incident particles with the material creating vacancies and interstitial, which are the direct results of displaced *Corresponding author, e-mail: salame@ieee.org atoms in the crystal. Dose effects result from any radiation interaction and are generally interpreted by the accumulation of induced trapped charges and interface states.
In order to ensure that space system electronics will complete their mission without a radiation-induced failure, a program test is required. This program will usually involve radiation effects characterization of sensitive electronic devices as well as the development of the fragment hardness assurance approach for critical parts. Thus, it is necessary to perform a radiation testing to understand the failure mechanisms and to characterize the radiation response of specific devices.
Dose effects are discussed to point out the consequences of the major basic degradation processes on the fundamental parameters of the devices. We evaluate the effect of the drain avalanche hot hole injection on the electrical parameters of the VDMOSFET when a heavy ion passes through the devices biased in the off state (blocking a high-drain-source voltage).
In order to explain our experimental results, a synthetic presentation, in part As mentioned in several studies [3] [4] [5] , the most sensitive part, of a MOS structure to ionizing radiations, is the oxide insulating layer (SiO2). When the radiations pass through the oxide, the deposited energy creates electron-hole pairs. In SiO2, the radiation-generated electrons are more mobile than the holes, and are swept out of the oxide (collected at the gate electrode) in a time of the order of picoseconds [6] . However, in the first picoseconds, some fractions of the electrons and holes recombine, which depend greatly on the applied field and on the energy and type of the incident particle. The 
MODEL FOR JUNCTION PARAMETERS EXTRACTION
As described in the introduction, when a positive voltage (greater than Vth) is applied on the gate, and for a potential difference applied between the drain and the source, a main transistor electrons current flows horizontally from the source, through the channel region, and vertically from the drain region through the body of the device (Fig. 1) . In this case, the transistor is directly biased and the bodydrain diode is reversibly biased.
In our method of the parameters junction study [26] , the transistor is reverse biased and the body-drain diode is forward biased (the source is positively biased with respect to the drain), a direct current flows through the source cell across the forward biased p-n junction (Fig. 1) , and the conduction of the body-drain diode results in minority carriers injection into the n-substrate. At low gate voltage, a reverse transistor current can flow along the small inversion layer and the resuiting current is, generally, the sum of the direct diode current and of the reverse transistor current [27] . As the channel switches OFF, for a null gate voltage, the resulting current consists in the diode current only. In our experiment, pre-and post-irradiation I-V junction characteristic measurements were performed without gate bias, which allows us to understand the change due to the irradiation in the junction parameters. From the point of view of the diode direct current measurement, any tiny subthreshold channel current would appear as a current flowing through the shunt resistance (Eq. (1) 
RESULTS AND DISCUSSION
The electrical characteristics Izs-Vzs and-the transfer characteristic Izs-Vasof the VDMOSFETs (n-channel, IRF130) were determined using the setup represented in Figure 6 . Figure 7 A description of the physical degradation processes may be done by considering the evolution of the body-drain junction properties with the irradiation conditions. For each of the ten MOSFETs mentioned in part 4.2, body drain junction parameters were extracted with the method exposed in part 3, before and after irradiation. Figure   9 shows an increase in the reverse recombination current I02. Vos(V)
The body-drain junction reverse recombination current vs the reverse voltage applied under irradiation. [33] . The location of the maximum electric field moves from the body-drain junction to the n-n / boundary in the drain region. The electric field can then reach a high level inducing an avalanche effect [34] that yields high energy majority carriers injection toward the Si/SiO2 interface [35] . This effect is more important for higher values of Vzs. A part of these hot holes attains enough energy to cross the potential barrier at the Si-SiO2 interface [36, 37] and creates fast surface states at the Si-SiO2 interface producing a change in the surface potential [38] [39] [40] .
The main result shown by Figure 9 concerns the lower 102 shift obtained for higher RL value. Since RL limits the current in the external circuits, the number of hot carriers is limited which reduces the previous degradation process. The ideality factor (.4) values of the body-drain junction shows a large sensitivity (Fig. 11 ) to the applied drain voltage during irradiation. Values higher than unity [41] indicate an increase of the surface and space charge recombination current. It is related to the increase of the traps density and denotes a degradation of the junction. This result is correlated with the high sensitivity of the reverse recombination current to the hot carriers degradation processes due to heavy ion interaction in the devices. Resistor RL appears as a protective load since high RL values lower the radiation induced degradation. 6 . CONCLUSION Basic physical processes which determine the radiation response of electronic devices have been discussed. Total dose effects involve the creation and the trapping of charges in dielectrics and the creation of interface traps. Single event effects are associated with the charge generated by the passage of a single high energy particle through a device structure. The subsequent charge multiplication and the drain avalanche hot hole injection result in a degradation of the device properties.
The degradation of the physical parameters of the body-drain junction of heavy ions irradiated power VDMOSFET, has been studied by an innovative and powerful method for microelectronics device characterization. Increase in reverse current recombination has been found related to the drain applied voltage and the resulting hot-holes injection of drain avalanche. An increase of the shunt resistance is also pointed out and depends on the hot-holes injection effect. The ideality factor degradation is found to be related to the same effect. The magnitude of the device degradation has been shown to be weakened by the introduction of a drain resistor load.
